The goal of this research is to provide an adaptive learning engine driven by a model based integration approach. The Adaptive Engine should produce a cohesive course adapted to the users individual preferences.
INTRODUCTION
Adaptive Hypermedia Systems (AHS) can be regarded as the integration of intelligent tutoring systems and hypermedia systems. A Hypermedia System is a collection of linked nodes (hyperdocuments), that have links through which the student can traverse to other nodes [2] , [3] . Intelligent Tutoring Systems (ITS) incorporate artificial intelligence techniques so that the instruction is adaptable to the learners needs and styles [1] . The main criticism in the past has been that ITSs are based on the premise that for learning to occur, it is sufficient to embed an experts knowledge in the structure of the content and apply an appropriate instructional design model.
Highly structured hypermedia systems do not support the different learning styles and learning rates of students. AHSs bridge the gap between the computer driven tutoring systems and student driven educational environments. An AHS may infer student objectives and help the student to discover the scope of information available or delineate a relevant path to get to the information required [4] . There is considerable evidence that different people learn in different ways, and at different rates [6] . Good educational material should take a particular students background into account so that the instruction can be tailored to their specific capabilities and past history. However, it should not confine them to a restrictive road-map through the content.
For an adaptive hypermedia system to adapt to these differences it must use several information sources such as the learner model and the content model to influence the educational experience. However, AHS tend to have very specific proprietary learner and content models built into them. Frequently these developments have been separate to emergent educational WWW models and standards such as IEEE Learning Object Model and IMS specifications. Such standards bodies are defining frameworks for Permission to make digital or hard copies of all or part of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. To copy otherwise, to republish, to post on serve~ or to redistribute to lists, requires wior specific permission and/or a fee. This paper suggests a model-based integration framework for the development of AHS. An important aspect of this is that the AHS framework allows the intelligent integration of different (some external) models, e.g. based on IEEE standards. The paper also outlines adaptive hypermedia developments and techniques as well as emergent educational models and standards. This paper proposes an architecture to support the generic integration of diverse learner and content models to produce coherent, focused and effective adaptive hypermedi~
ADAPTIVE HYPERMEDIA IN EDUCATION
Much of the focus in adaptive hypermedia for educational courseware has attempted to alleviate the difficulties of content comprehension (cognitive overload) and orientation (so-called 'lost in hyperspace'). Adaptive presentation techniques which effect changes to both the selection of different media depending on a users preferences and adaptation of the content based on an individual's user model are beginning to show success.
To achieve the maximum effectiveness from the use of nonadaptive Hypermedia in an educational context there are some features of learners that are particularly significant. These include preknowledge, cognitive style, maturity, general ability, confidence and motivation. These features influence the ability of students to accept effectively the additional mental load caused by the need to monitor and self-evaluate as well as learn [7] .
Although increasing learner control is thought to increase the learner's motivation and engagement, results in performance using adaptively controlled environments have been superior to systems within which the user is left to their own devices [7] . Studies have shown that users of educational Adaptive Hypermedia systems are faster, more goal-orientated and take fewer steps to complete the course.
ADAPTIVE TECHNIQUES
There are several adaptive techniques that may be usefully employed in an educational environment. Adaptive Navigation attempts to guide the student through the system by customising the link structure or format according to a user model. Structural Adaptivity attempts to give the student a spatial representation of the Hyperspace environment. Historical Adaptation may provide history trails, footprints which are made by the system, landmarks, which are made by the student and progression cues.
Adaptive Presentation is the primary adaptive technique to be employed as part of this research. Adaptive Presentation is the customisation of course content to match learning characteristics specified by the user model. This form of adaptivity may be implemented by fragmenting the constituent content components into discrete paragraphs. These components or pagelets constitute a discrete unit of information about a concept. The pagelet is displayed if the user model conforms to required conditions for the display of that pagelet, The approach to implementing an adaptive education system undertaken as part of this research is to provide a generic architecture for integrating the learner model (which describes the pertinent learner characteristics), content model (which describes the pedagogical qualities of the content) and the narrative model (which describes a mechanism for combining the content to produce a coherent educational courseware component). Figure 1 shows the different models interacting in the Adaptive Engine to produce coherent, personalised courseware for the learner. Figure 2 (below) shows that this content may be displayed to the learners using different learning environments (LE). To achieve a high level of adaptivity the models require a high level of detail. As such any models which are used as the basis for the Leaa-ner or Content models will need to be augmented to support the level of adaptivity hoped to be achieved.
MODEL-BASED INTEGRATION

Adding to the Models
The principle metadata which needs to be added to all the Content, Learner and Narrative models are more focused pedagogical elements. These should be pertinent to how the Adaptive Engine can combine the models to provide effective and coherent course material to the learner. Elements containing information about the learners preferences, e.g. some learners like to learn by example, should be reflected in all the models, i.e. if the Learner Model specifies that the learner likes examples then the Narrative Model should attempt to deliver content whose metadata says it is an example. The models contain the metadata and rules for the decisions made by the system, but it is the responsibility of the Adaptive Engine to integrate the knowledge within the models to produce the content displayed to the learner.
Adaptive Engine
The adaptive engine provides the facilities for reconciling the Content, Learner and Narrative models to produce individualised content. It is important that this be achieved in a fashion which is independent of the content or the specific properties of the learner. This generic interpretation of how the Adaptive Engine interprets the models is central to its ability to integrate into different Learning Environments. XML will be the key technology used to describe the models. It is the association and reconciliation of different XML elements in the models that is the responsibility of the Adaptive Engine. How the Adaptive Engine achieves this reconciliation between the models is the core element of the research. A prototype of the adaptive system is currently being developed based on enhanced educational metadata standards. The system will be trailed later this year.
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